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Abstract Beam Propagation Method (BPM) is eﬀective for the analysis of the waveguide which is longitudinally
varying and could ignore the reflection wave. Therefore various BPM had developed now. Finite Element Beam
Propagation Method (FE-BPM) which use Finite Element Method (FEM) has applicability for arbitrary shape of
waveguides. However, FE-BPM is not enough eﬃcient for the waveguides which is longitudinally varying, because
Finite Element mesh need to be updated and generally, this method need to solve the primary simultaneous equa-
tions. In this study, FEM analysis which is used for discretization waveguides to transverse direction is parallelized
by domain decomposition method to speed up FE-BPM analysis. In domain decomposition method, two approaches
are concerned, one way is strict calculating the boundary fields, another is omitting the strict calculation boundary
fields by iterating between domains.
Key words Beam propagation method, Finite element method, Domain decomposition method, optical waveguide
analysis




?????? (Beam Propagation Method; BPM) [1] ???
?????????????BPM????????????
????????????????????????????





(Finite Diﬀerence BPM; FD-BPM) [2] ??????????
????? BPM(Finite Element BPM; FE-BPM) [3] ???


















2. 1 ? ? ?
???????????????????????????
????????????
∇× (p∇×Φ)− k20qΦ = 0 (1)
??? k0 ???????????p?q?????Φ??? E
??????H ????????????????????
????{
p = 1? q = n2 Ψ = √µ0H for Φ = √ε0E
p = 1/n2? q = 1 Ψ = −√ε0E for Φ = √µ0H
(2)
2. 2 ???????????????????
? 1?????????? z ??????????????
? z ??????? β ??????????????????
?????? Φ???????????????
Φ(x, y, z) = ϕ(x, y) exp(−jβz) (3)
FEM????????????????????? ϕ(x, y)?
??????????? {N}???????????????
ϕ(x, y) = {N}T {ϕe} (4)
? (3)?(4)?? (1)??????????????? FEM?
????????????????????????????
??????????????????














???????? z ?????????????z ?????
?? k0n0 ?????????????????????? ϕ
??????? Φ??????????
Φ(x, y, z) = ϕ(x, y, z) exp(−jk0n0z) (6)
????n0 ???????????????????????
??????? (5)????







− j2k0n0 [M ] ∂{ϕ}
∂z
+([K]− k20n20 [M ]){ϕ} = {0} (7)







+ ([K]− k20n20 [M ]){ϕ} = {0} (8)[
M˜
]
= [M ] + 14k20n20
([K]− k20n20 [M ])
? (8)? θ ????? z ?????????????????
??????????????????????













+ (θ − 1)∆z([K]i − k20n20 [M ]i)
? (9)??????????? {ϕ}0 ???????????

















FE-BPM ?????? (9) ??????????????
?????
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??? {ϕb}????????{ϕi} (i = 1, 2, · · ·N)??? i?
??????????????????????{ϕi}?{ϕb}?
???
{ϕi} = [Aii]−1 ({ui} − [Aib] {ϕb}) (i = 1, 2, · · ·N)





































































????????????????? n1 = 1.45?n2 = 1.445
???????????????? w = 5 µm???????
??????? d = 40 µm???????Wx = 100 µm??








































































































???????????????? 8 ??? MMI ????
???????? n1 = 1.48?n2 = n3 = 1.445??????
????????????? w = 4 µm???? h = 4 µm?
??? l = 50 µm?MMI????????WMMI = 20 µm?
?? LMMI = 450 µm??????? d = 6 µm? ????
? Wx = 30 µm?Wy = 16 µm?Wz = 550 µm ??????
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(a) z = 50 µm
(b) z = 125 µm
(c) z = 200 µm
(d) z = 275 µm
(e) z = 350 µm
(f) z = 425 µm
(g) z = 500 µm
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